Abstract The relative J/ψ yields as a function of relative charged-particle multiplicity in pp collisions at √ s = 5.02 TeV, measured at forward rapidity, are investigated for the first time. A linear increase of the relative J/ψ yield with respect to multiplicity is observed. A comparison of the findings of the present work with the available ALICE measurements obtained in pp collisions at √ s = 13 TeV at forward and midrapidity indicates that the increase of J/ψ with multiplicity is independent of energy but exhibits a strong dependence on the rapidity gap between the J/ψ and multiplicity measurements. The results are compared with theoretical model calculations.
Introduction
The event by event multiplicity of charged-particles (N ch ) produced in high energy collisions is taken as a simple yet important variable for understanding the collision dynamics. The multiplicity measurement is useful for studying the general properties of particle production. The quarkonium production as a function of chargedparticle multiplicity (dN ch /dη) in proton-proton (pp) and proton-nucleus (p-Pb) collisions is considered as an interesting observable to understand multi-parton interactions (MPI) and to explore the presence of collective behavior in small systems. Such studies can play an important role in understanding the production mechanism of heavy quarks from hard processes, and its relation with soft scale processes [1] . The multiplicity dependence of J/ψ production has been investigated in pp collisions at √ s = 7 and 13 TeV and p-Pb collisions at √ s NN = 5.02 TeV at forward and mid-rapidity using the ALICE detector [2, 3, 4] . A similar study has also been carried out for D mesons [5] . In all cases, an increase of the relative particle yields as a function of the relative charged-particle multiplicity (dN ch /dη/ < dN ch /dη >) has been reported. In these proceedings, we report on the study of the multiplicity dependent relative J/ψ yield (dN J/ψ /dη/ < dN J/ψ /dη >) at forward rapidity in pp collisions at √ s = 5.02 TeV, which has not been measured until now. The findings are compared to the results obtained in pp collisions at √ s = 13 TeV to explore the energy and rapidity dependences of the correlation between soft and hard physics processes. The results are also compared with theoretical model calculations.
Experimental setup and analysis strategy
In ALICE [6] , the charmonia are measured via their dilepton decay channels. The Muon Spectrometer is used for the reconstruction of muons coming from J/ψ decays at forward pseudorapidity (-4 < η < -2.5) while the central barrel detector covers the mid-pseudorapidity range (|η| < 0.9) and measures J/ψ in the di-electron decay channel. The central barrel detector system includes the Inner Tracking System (ITS) and the Time Projection Chamber. The ITS consists of six layers of silicon detectors. The Muon Spectrometer consists of Muon Tracking Chambers, used for tracking the muons and the Muon Trigger system that allows the selection of collisions that contain opposite sign dimuon pairs. Multiplicity is described in terms of tracklets, which are reconstructed by pairs of hits in the two innermost ITS layers, the Silicon Pixel Detector (SPD). The analysis is restricted to the event class INEL > 0 defined by requiring at least one charged-particle produced in |η| <1. Several selection criteria are applied to make sure that both the SPD vertex position and the event charge-particle multiplicity are properly determined. Pile-up events are removed [2] . The relative charged-particle multiplicity in the i th multiplicity range, estimated at mid-rapidity (|η| <1) and for INEL > 0 events, is calculated using the following formula:
Where N corr trk i is the average number of SPD tracklets, corrected by acceptance and efficiency in the multiplicity bin i. The correlation function f is evaluated from Monte Carlo simulations to convert the corrected number of tracklets into a number of primary charged-particles produced within |η| <1. The relative J/ψ yield is estimated in the i th multiplicity bin by using the following equation:
Where N J/ψ and N MB are the number of J/ψ and MB events respectively. The factor ε is a combination of several corrections that account for trigger selection, event selection, SPD vertex quality assurance and pile-up rejection. Details of the analysis procedure can be found in Ref. [4] .
Results and discussions
The multiplicity dependence of the J/ψ yield is displayed for pp collisions at √ s = 5.02 TeV in Fig. 1 . The correlation between multiplicity and J/ψ is compared to a linear function with a slope of 1 (y=x). The ratio of the relative J/ψ yield to this diagonal as a function of multiplicity is displayed in the bottom panel of Fig. 1 . It is interesting to note that the ratio is consistent with unity over the full multiplicity range. This, in turn implies that the production of J/ψ scales linearly with the underlying event activity when a gap is present between the rapidities at which dN ch /dη and J/ψ are measured. The J/ψ yield observed at √ s = 5.02 TeV is compared with Fig. 1 The relative J/ψ yield as a function of the relative charged-particle density measured at forward rapidity in pp collisions at √ s = 5.02 TeV. Bottom panel: ratio of the relative J/ψ yield to the relative charged-particle density as a function of multiplicity.
those reported for forward and mid-rapidity ALICE measurements in pp collisions at √ s = 13 TeV and the results are displayed in Fig. 2 . It is observed that the relative J/ψ yield estimated for different multiplicity bins are practically independent of the beam energy in the forward rapidity region. However in the mid-rapidity region for √ s = 13 TeV data, the measured relative J/ψ yield increases faster than linearly with increasing multiplicity. Such a dependence may be attributed to the presence of auto-correlations between the J/ψ and the multiplicity measurements at mid-rapidity, for instance because of a possible jet bias [7] . In Fig. 3 the relative J/ψ yields as a function of multiplicity are compared to predictions from two theoretical models proposed by Kopeliovich et al. [8] and Ferreiro et al. (the percolation model) [9] . The percolation string model shows a linear increase at low density and quadratic increase at higher density and describes the data well at low multiplicity. The Kopeliovich model takes into consideration the contributions of higher Fock states to reach high multiplicities in pp collisions. As a result of a higher number of gluons, the J/ψ production rate is also enhanced. A stronger than linear increase with multiplicity is observed. 
Conclusions and outlook
The multiplicity dependence of J/ψ has been studied in pp collisions at √ s = 5.02 TeV. A linear increase of the relative J/ψ yield is observed as a function of multiplicity at forward-rapidity. The multiplicity dependence is independent of √ s at LHC energies. The increase of J/ψ production seems to depend on the rapidity gap between the J/ψ and the multiplicity measurement. The finding reveals too that the percolation model describes the data well at forward-rapidity for relative multiplicities < 3. The multiplicity dependent study of various quarkonium states will shed more light on this topic.
